There is a well-established geographical gradient in cardiovascular mortality in Great Britain (GB) with the highest rates in Scotland and the lowest rates in the south. 1 Studies of migration within GB have been used to investigate the relative contribution of circumstances in childhood and adult life to cardiovascular disease risk. 2 The logic in these studies is that if the risk of cardiovascular disease (CVD) among people migrating from a low incidence to a high incidence area increases with time, or the risk among people migrating from a high incidence area to one of low incidence decreases with time, it is likely that factors acting in later life are of key importance. If the migrants retain the risk of their area of origin, it is likely that genetic or early life factors exert the major influence. However, previous studies of migrants within GB have produced conflicting results. [2] [3] [4] In an earlier report from the British Regional Heart Study (BRHS) the geographical area of adult residence appeared to be of greater importance in determining the risk of coronary heart disease (CHD) incidence than place of birth, 2 whereas a national study of proportional mortality ratios in England and Wales suggested a significant influence from birthplace for deaths from CHD and stroke. 3 In a later study of migrants within England and Wales, mortality rates from CHD were found to be related in almost equal measures to region of origin and to region of residence in later life. 4 The conclusion from the earlier BRHS report was based on 8 years follow-up and relatively few cardiovascular events, and none of these three internal migration studies assessed the role of social class or individual adult lifestyle factors on the findings observed. The purpose of this paper is to examine the role of early life environment and adult life factors in determining the risk of cardiovascular disease, a subject of current debate. 5 
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Aim
To examine the relative contributions of early life and adult life factors to risk of cardiovascular disease (CVD) in middle-aged men using migration within Great Britain (GB).
Methods
Prospective study of 7735 men (40-59 years) drawn from one group practice in each of 24 British towns. Zones of birth and/or examination: South of England and rest of GB (Midlands and Wales, North of England, and Scotland).
Results
There were 1392 coronary heart disease (CHD) events and 1154 cardiovascular deaths during 21.8 years mean follow-up. Regardless of birth zone, men examined in the South showed lower risk of CHD events and CVD mortality than those examined in the rest of GB. Migrants from South to rest of GB showed a small increase in cardiovascular risk. Men born and examined in the rest of GB showed the highest adjusted risk of CHD events (RR = 1.15, 95% CI: 0.96-1.38) and CVD mortality (RR = 1.28, 95% CI: 1.04-1.57). Men born in the rest of GB who moved to the South showed adjusted risks of CHD events and CVD mortality similar to those born and examined in the South. Zone of examination was more strongly associated with CHD events and CVD mortality than zone of birth (RR = 1.23 versus 0.95 for CHD; RR = 1.26 versus 1.04 for CVD mortality). Smokers, irrespective of zone of birth or examination, showed higher risk than non-smokers.
to (1) examine the relationship between migration and risk of CHD events in the BRHS using 22 years follow-up data, (2) to extend the outcome to CVD mortality, and (3) to examine the effect of individual adult risk factors on migration status and cardiovascular risk.
Subjects and Methods
The BRHS is a prospective study of cardiovascular disease involving 7735 men aged 40-59 years selected from the age-sex registers of one group general practice in each of 24 towns in England, Wales and Scotland. The criteria for selecting the town, the general practice and the subjects as well as the methods of data collection have been reported. 6 In brief, towns were chosen that reflected known geographical variations in cardiovascular mortality and, wherever possible, were representative of their region in socioeconomic terms. In 1978-1980 research nurses administered to each man a standard questionnaire which included questions on smoking habits, alcohol intake and medical history. Physical measurements were made, and blood samples (non-fasting) were taken for measurement of biochemical and haematological variables. Details of the classification of smoking habits, alcohol intake, social class and physical activity have been reported. [6] [7] [8] The longest held occupation of each man was recorded at screening and the men were grouped into one of seven social classes: I, II and III nonmanual, III manual, IV, V and the Armed Forces. The men were classified according to their current smoking status: those who had never smoked, ex-cigarette smokers and current smokers at four levels (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 20 , 21-39, and ജ40 cigarettes/day). Heavy drinking was defined as drinking Ͼ6 alcoholic drinks daily or most days of the week (1 drink = 8-10 g of alcohol). Physical activity status was determined for each man on the basis of their total physical activity score: inactive, occasional, light, moderate, moderately-vigorous and vigorous. 7 'Active men' were those graded as moderate or more active. Body mass index (BMI) calculated as weight/height 2 was used as an index of relative weight. Obesity was defined as BMI ജ28 kg/m 2 , the top fifth of the BMI distribution in all men.
Migration status
All men were asked their place of birth and for how long they had lived in the town where they were examined. With this information the men were allocated to three groups.
Non-migrants
Men who were born in the town in which they were examined (n = 3144). These men had lived in the same town for most, if not all, of their lives.
Internal migrants
Men born in GB but not in the town of examination (n = 4147). On average, these men had lived in their town of examination for 24 years. 2
International migrants
This small group consisted of men who were born outside GB (n = 422). They had lived in their town of examination for 20 years on average.
No information was available on the migration status of 22 men.
Geography
We divided GB into four zones according to the established geographical trend in cardiovascular mortality ( Figure 1 
questionnaire (Q92)
In 1992, 12-14 years after screening, a postal questionnaire, similar to but more comprehensive than the one administered at screening, was sent to the surviving men and information was obtained on father's social class. The questionnaire (Q92) was completed by 5934 (91%) of the available survivors. The men were asked to describe their father's longest held occupation and to classify it as manual or non-manual. 9 Their classification was validated by comparison of the description of the father's occupation against the Office of Population Censuses and Surveys Classification of Occupations (1980) social class coding index manual. 10 Validated father's social class was used and was available for 5643 of the 7713 men in the present study. Overall 71.1% of fathers were definitively classified as manual, 26.8% as non-manual and 2.1% as being in the Armed Forces. 9 MIGRATION WITHIN GREAT BRITAIN AND CARDIOVASCULAR DISEASE 1055 Figure 1 Geographical location of study towns
Follow-up
All men, whether or not they showed evidence of CHD at initial examination, were followed up for all-cause mortality and cardiovascular morbidity. 10 
Statistical methods
Cox's proportional hazards model was used to assess the relationship between migration status and risk of major CHD events adjusting for potential confounders. 11 In the adjustment, social class (I, II, III non-manual, III manual, IV, V Armed Forces), smoking (never, ex-smokers, 1-19/day, 20/day, Ͼ20/day), physical activity (none, occasional, light, moderate, moderately-vigorous, vigorous), evidence of CHD on WHO (Rose) chest pain questionnaire (yes/no), diabetes (yes/no), zone of residence (South, Midlands/Wales, North, Scotland), and alcohol intake (none, occasional, light, moderate or heavy) were fitted as categorical variables. Age, BMI and height were fitted as continuous variables. 'Full' adjustment includes age, social class, smoking, BMI, physical activity and height.
Results
During the mean follow-up period of 21.8 years there were 1392 major CHD events (838 fatal and 554 non-fatal) and 1154 deaths due to cardiovascular causes (CHD = 838, stroke = 156, other = 160) in the 7713 men with information on migration status.
Geographical variation in CHD and CVD mortality
Coronary heart disease incidence and CVD mortality rates were lowest in the South, with higher but similar CHD rates in all the other three zones and with the highest CVD mortality rates in Scotland (Table 1) . Overall, the rest of GB had higher risk than the South even after adjustment for age, social class, smoking, BMI and physical activity. Additional adjustment for height made little difference to the findings. This pattern was seen in both non-migrants and internal migrants (data not shown).
Internal migrants who change zones
In order to compare zone of birth (proxy for early life factors) and zone of examination (proxy for adult life factors) in determining risk of major CHD events and CVD mortality in adult life, we focus on the internal migrants and examine the effects of changes in zones from birth to examination between the South and the rest of GB (Table 2 ). Men examined in the South had lower risk of CHD and CVD mortality than men examined in the rest of GB irrespective of place of birth. Men born in the rest of GB and who remained in the rest of GB showed the highest risks. Men born in the South who moved to the rest of the country showed lower CHD events and CVD mortality than those born and examined in the rest of GB. Men born in the rest of GB who moved to the South showed risks similar to those who were born and examined in the South. However, men born in the South who moved to the rest of GB had a worse risk factor profile than those who remained in the South (Table 3) . They had higher smoking rates, more heavy drinking and higher systolic blood pressure (SBP). On the other hand, they were of higher social class (adult and father's) than men born and examined in the rest of GB. Men born in the rest of GB who moved South showed a better risk factor profile than those who remained in the rest of GB. They had lower smoking rates, less obesity, lower mean SBP, more physical activity and less heavy drinking. They also had a higher percentage of men in higher social class (adult and father's). The mean height in men born in the South is greater than men born in the rest of GB, irrespective of zone of examination, indicating the persisting effect of early life experience.
Adjustment for age and social class had little effect on the relationships seen (Table 2 , row A). Additional adjustment for risk factor status (smoking, BMI and physical activity) and height produced greater reduction in the risk of major CHD events and CVD mortality in men born and examined in the rest of GB but these men still showed increased risk of CHD events, although the increased risk was no longer significant (row B). Cardiovascular disease mortality risk remained significantly increased even after adjustment. Those who moved to the South still showed lower risk of CHD events and CVD mortality than those who remained in the rest of GB, and CVD mortality risk was similar to those who were born and remained in the South. Men born in the South who moved to the rest showed similar CHD events to those examined in the rest of GB but showed lower CVD mortality. Men born in the rest who moved to the South showed lower risk of both CHD and CVD mortality than those born and examined in the rest of the country. However, a test for interaction between zone of birth and zone of examination was not significant (P = 0.48 for major CHD events, P = 0.34 for CVD mortality). When cardiovascular mortality was divided into CHD deaths (n = 442) and non-CHD deaths (stroke and other cardiovascular causes; n = 162) the pattern for CHD deaths and non-CHD deaths was broadly similar to the overall pattern for cardiovascular mortality.
Zone of birth and zone of examination
We have compared the effects of zone of birth and zone of examination (rest of GB versus South) on CHD event risk and CVD mortality in internal migrants (Table 4) . Zone of birth showed a small and non-significant increase in age-adjusted risk of major CHD events which was attenuated after adjustment for social class and lifestyle factors (row C). Zone of examination remained significantly associated with risk of major CHD events even after adjustment (C). For CVD mortality zone of birth and zone of examination were both significantly associated MIGRATION WITHIN GREAT BRITAIN AND CARDIOVASCULAR DISEASE 1057 (marginal for place of birth) with risk of CVD mortality even after adjustment (C). There is a high degree of correlation between zone of birth and zone of examination and when both geographical zone of birth and zone of examination were entered into the multivariate model (row D) zone of examination appeared to be a more important determinant of major CHD events and CVD mortality than zone of birth.
Smoking effects
We have used smoking as an example of a major environmental determinant of risk for major CHD events and CVD mortality in order to compare the impact of an environmental factor and early life influence (zone of birth) on risk. Within both nonsmokers and smokers those examined in the rest of GB had higher risk of CHD events and CVD mortality than those examined in the South although the difference was more apparent in non-smokers ( Table 5 ). Irrespective of zone of birth or examination all smokers have higher risk of CHD events and CVD mortality than non-smokers. In smokers there was virtually no difference between those born and examined in the South and those born and examined in the rest of GB, suggesting that cigarette smoking is a dominant factor in determining risk, overwhelming any underlying advantageous characteristics.
Discussion
There is considerable evidence that events occurring in early life may influence the risk of adult cardiovascular disease. 9, 12, 13 However, the relative importance of early life factors as against adult environmental factors in the development of CVD in middle-aged subjects remains an issue. 5 Migration within GB has been used to investigate the relative contribution of circumstances in childhood and adult environmental factors to risk of cardiovascular disease. Zone of birth and zone of examination have been used as proxy measures for relevant environmental exposures at different points in time. In the present study of migration effects within GB, zone of examination appears to be a stronger determinant of adult cardiovascular risk than zone of birth. This finding, based on 22 years follow-up and a substantially larger number of cardiovascular events than our earlier report adds weight to our earlier suggestion that zone of examination is a more important determinant of risk than zone of birth. 2 Compared to men born and examined in the rest of GB, men born in the South who moved to the rest of GB showed similar CHD (fatal and nonfatal) risk but lower risk of CVD mortality, suggesting that some early life advantages might continue into later life. Those born in the rest who moved South showed lower risk of CHD and CVD mortality than those who remained in the rest of GB, and their risk was similar to those born and examined in the South. Migrants who moved South tended to be of higher socioeconomic status and to come from more advantageous family background than those who remained, and it is perhaps not surprising that these men showed lower risk than those who remained. However, despite their higher social classes the mean height in these men (a marker of early life experience) was less than in those born in the South, reflecting some earlier life disadvantage. The fact that they showed similar risk to those born and examined in the South even after adjustment for adult social class and adult lifestyle risk factors, suggests that changes in environment in later life can modify the effects of early life experiences.
Previous studies
Previous studies of migration within GB have produced results that are difficult to compare directly with the present study Table 5 Internal migrants: adjusted relative risk of major coronary heart disease (CHD) events and cardiovascular disease (CVD) mortality by zone of birth and zone of examination in non-smokers and smokers (n = 4111). Non-smoking men born and examined in South used as referent group South-South: born and examined in the South.
South-rest: born in the South examined in the rest of GB.
Rest-South: born in the rest of GB, examined in the South.
Rest-rest: born and examined in the rest of GB.
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because of methodological differences. In an analysis involving almost 2 million deaths at all ages in 153 areas in England and Wales in 1969-1972, people born in the northern counties, in industrial towns and in Wales had increased risk of ischaemic heart disease (IHD) and stroke which persisted whether or not they had moved to another area. 3 Although there was a significant effect of birthplace on both mortality from IHD and stroke, the influence of area of death (as assessed from the χ 2 value) was greater. 14 However, this study was based on proportional mortality ratios which depend as much on the geographical patterns of mortality from other causes of death as on cardiovascular mortality. The authors point out that the value of the place of birth effects did not necessarily reflect the strength of their effect on disease risk and the conclusions from this large study must be interpreted with caution. In a longitudinal study of a 1% sample of residents of England and Wales born before 1939, IHD and stroke deaths during 1971-1988 were analysed by area of residence at the censuses in 1939 (area of origin) and 1971, focussing on the 16% of deaths in those who moved between 14 areas in England and Wales (migrants). 4 The aim was to differentiate the effects on mortality of factors operating in childhood and early adult life from those operating in middle and old age, using the area of origin (1939) and the area of residence in 1971 as proxy measures. Standardized mortality ratios were calculated with adjustment for sex, age, calendar period at risk and socioeconomic measures. For IHD mortality, the results suggested that the south-east and north-west gradient in England and Wales is related in almost equal measure to region of origin and region of later adult residence. While consistent with IHD risk being partly determined by fetal and early life experiences it could also reflect genetic factors or lifestyles acquired early in life. In the migrants, IHD risk was significantly influenced by region of residence in later life, implying that changes associated with migration can modify earlier effects whatever their nature. For stroke mortality, the study suggested that the low risk associated with living in Greater London was acquired by individuals who lived there and was not a consequence of early life factors or selective migration.
Both of these large mortality studies suggest that the area of residence during the latter part of life has a greater influence on the risk of CVD than the place of birth or early life, as seen in the present study.
By contrast, a study of migration between East Finland (high CHD mortality), Middle Finland (average) and West Finland (low) suggests that while both being born in East Finland and living there increase the risk of CHD, being born there is a more important factor than living there. 15 Socioeconomic status appeared to have no effect on the regional differences in CHD mortality. No data were available on the risk factors of the various migrant groups. Indeed, none of these earlier migrant studies were able to examine the incidence of CVD and/or to take into account lifestyle characteristics such as smoking, body weight or physical activity. This makes it impossible to determine whether changes in lifestyle variables were involved in the determination of CHD risk status.
In the present study, zone of birth showed increased risk of CHD incidence and CVD mortality among internal migrants but this was attenuated upon adjustment for age and lifestyle factors and was abolished after further adjustment for zone of examination. By contrast, zone of examination remained significantly associated with increased risk of major CHD and CVD mortality although risk was attenuated after adjustment including birthplace.
Zone of birth is a crude measure of early life experience and the present study cannot exclude the presence of modest early life effects. Moreover we cannot exclude the possibility that selective migration, related to early life factors (e.g. birthweight) has contributed to the observed pattern of CHD events and CVD mortality. However, to produce even a modest increase in relative risk a very strong selective migration effect would need to be present with respect to birthweight. 16 
Adult lifestyle risk factors
Adjustment of relative risk estimates for various risk factors is an imprecise procedure but it provides some measure of the extent to which the relative risk estimate is conditioned by the risk factors used in the adjustment procedure. Adjustment for lifestyle factors considerably reduced cardiovascular risk in men born and examined in the rest of GB compared with men born and examined in the South, while it did not appear to affect the risk of men born in the South who moved to the rest of GB. This suggests that lifestyle factors play a considerable role in increasing the risk of both CHD events and CVD mortality in the internal migrants who are born and remain in the rest of GB. When analyses were stratified by cigarette smoking status, smokers had higher risk of major CHD events and CVD mortality than non-smokers irrespective of where they were born or examined even after adjustment for height (a marker of early life influence). Although early life advantages may play a role in determining the risk of CVD, these findings suggest that environmental factors in adult life may overwhelm these early life influences.
Public health implications
There are a number of well-established risk factors for CVD which have been identified as being strongly and causally associated with risk of CVD such as serum lipid abnormalities, cigarette smoking, raised blood pressure, overweight and obesity, diabetes and physical inactivity. 17 It has been shown in this cohort that much of the variation in CHD incidence between the 24 towns in this study can be accounted for by these established risk factors. 18 Preventive action at both population and individual levels has been directed towards these factors and modification of many of these has been associated with diminution in the risk of CVD. 17 The present study suggests that the dominant effect on risk of CVD in middle and older age is associated with exposure to risk factors during the third to the sixth decades of life. These findings support Susser's contention that 'while early programming could create predisposition and vulnerability to life course experience, the contribution, if any, of such early experience must surely be complementary to the development of chronic cardiovascular disease'. 19 Until we have more precise information regarding the nature of the effects operating in fetal life and early childhood, it would seem reasonable to direct our preventive actions towards those factors already established as critical to the development of CVD and capable of modification. 17 
